This work responds to stated critical concerns within the U.S. Army that it currently lacks the necessary depth of knowledge about the complex dynamics within megacities or other dense urban environments. Army leaders acknowledge the inevitability that at some point the Army will be asked to operate in a megacity, considered one of the most challenging environments. This document presents a proposal to develop a social power analysis for understanding social systems, work which is fundamental for mission success but has not yet been solved. The proposed research will overcome the Army's use of an inadequate approach to understanding social systems by demonstrating new knowledge, methods, and tools for a problem-oriented, system-of-systems approach. This work goes beyond the topical inventories currently found in Army doctrine and used in practice. Results include a framework and methodology for the assessment of the power dimensions within urban social systems; a software tool for military planners to operationalize the power flows within the social systems; a workflow and methodology to combine network epidemiology and disease hazard mapping for vector-borne disease monitoring, prediction of spread, and intervention; and software plug-ins to assist with geospatial and temporal analysis of a population.
ERDC MP-17-1 iv List of Tables   Table 1. 
Funding Proposal and Justification for the VAST Project
Purpose This project will develop a social power framework, identify key social vulnerabilities that result from adverse events in-theater (combat, terror, etc.) , monitor changes in power relations that have ramifying effects throughout the social system in urban settings, and consider the likelihood and magnitude of threats to maneuverability, force protection, and the security of the civilian population.
Currently, the U.S. Army acknowledges it does not fully understand the complex dynamics within megacities or other dense urban environments. With rapid global growth, economic disparity, political instability, and the threat of natural disasters and disease epidemics, "It is inevitable that at some point the United States Army will be asked to operate in a megacity and currently the Army is ill-prepared to do so." 1 In order to operate effectively within a dense urban context, the Army must have a solid understanding of the operational environment (OE), with all its interwoven and shifting complexities. The purpose of this work package is to develop a framework for the assessment of the power dimensions within the social system, to develop an improved means of understanding the spread of vector-borne disease within that system, and to integrate the impacts of both into maneuverability, force protection, and the security of the civilian population. This framework will be operationalized through a software tool that allows military decision makers to assess human impact to military operations within the urban environment during Phase 3 through Phase 5 operations.
Products
• A framework and methodology for the assessment of the "Power Dimensions" within the social systems in urban environments.
• A software tool that allows military planners the ability to operationalize the power flows within the social systems.
• A workflow and methodology to combine network epidemiology and disease hazard mapping that is designed and tailored for vector-borne disease monitoring, prediction of spread, and intervention.
• Plug-ins for geospatial and temporal analysis of a population's impact to military operations.
Payoff
This effort will develop a social power framework, design a prototype software plugin that focuses on local populations impacted by adverse events, and develop a software solution that which explore the connections between ecological, constructed, and sociocultural systems. The inclusion of these dynamic systems will enhance the spatio-temporal understanding of rapidly evolving events. This developed software package will do the following:
• Provide a repeatable methodology for social power analysis vulnerability assessment in complex and dense urban environments during the full spectrum of operations.
• Provide analysis tools that facilitate timely decision-making in complex, dynamic environments.
• Quickly provide the Army with a strong situational awareness of the spatial and temporal risk presented by an ongoing or potential vectorborne disease epidemic.
Background
The Army's strategic context of expeditionary capabilities mandates the U.S. Army to promptly deploy combined-arms forces worldwide into any operational environment in order to conduct missions effectively upon arrival. The Army needs to develop a flexible response capacity that allows it to conduct all types of operations in a wide range of environments. Our planet is currently home to more than 20 megacities, each with a population of 10 million or more persons. Additionally, hundreds of cities with fewer than 10 million people have population densities that rival those of their megacity counterparts. It is expected that by the year 2030, 70% of the world's population will live in urban settings, with the number of megacities increasing to 41. 2 Given the rapid growth of urban populations, haphazardly constructed infrastructure, economic disparity, political instability, and the threat of natural disasters and disease epidemics across the globe, "it is inevitable that at some point the United States Army will be asked to operate in a megacity..." 3 These urban environments are complex, dynamic, systems of systems with ecological, constructed, and sociocultural components. 4 To compound the difficulties, conflicts within them may well also fall within the so-called Gray Zone. 5 A key part of the assessment of the battle space is identification of the social systems within it and their vulnerabilities. To operate effectively in the midst of these complex systems, it is important to understand social power relations, whether our operations take place in a rural, urban, or dense urban environment. TRADOC's 2014 pamphlet on engagement makes the importance of social power clear: "Understanding the power residing within human interaction, social constructs, language, culture, behaviors, and other human variables will provide the construct for future Army forces to influence the Operational Environment. Just as traditional responses of governments to new wielders of social power will prove inadequate, so too will its attempts to understand the operational environment that do not explicitly address social power. If our operations also fall conceptually within the so-called gray zone, where "we are confronted with ambiguity on the nature of the conflict, the parties involved, and the validity of the legal and political claims at stake," 8 our efforts to understand the operational environment and the social power relationships therein are challenged by increased complexity. General Votel continues, "These conflicts defy our traditional views of war and require us to invest time and effort in ensuring we prepare ourselves with the proper capabilities, capacities, and authorities to safeguard U.S. interests." 9 Clearly, tools that enable the Army to rapidly develop understanding of the social power relationships among urban networks and systems, and the challenges that those networks and systems present, are critical to mission success.
To contribute to the understanding of urban systems and identify key vulnerabilities within them, we propose to develop a Vulnerability Assessment Software Toolkit (VAST)-an integrated, common operating software platform with the capacity to aid planners in understanding complex operating environments and how those environments might be affected by military operations. Among our goals is to provide the Army with a framework that enables assessment of social power relationships in complex operational environments. That framework will enable the Army to develop a scientifically grounded understanding of the social power dynamics in the operational environment, and it will allow decision makers to plan effectively to anticipate risks and mitigate adverse impacts.
The world's burgeoning metropolitan areas (and those who would operate within them) are challenged by poor infrastructure and re-emerging diseases. 10, 11, 12 To meet that set of challenges, VAST will also include tools that address the rapid spread of vector-borne disease within urban environments, and the role that social power plays in the production of disease-related impacts within the city itself and the impacts of migration out of it.
What is the problem?
The Army increasingly recognizes the importance of the social systems in the conduct of operations abroad. However, the current standard Army frameworks and practices (DIME-FIL, PMESII-PT, METT-TC, SWEAT-MSO, ASCOPE) 13 do not address the understanding of the social power dimensions of the human domain. The following seminal citations highlight the importance of this ill-defined research area: As we found in Iraq and Afghanistan, such person-to-person interaction exposes Soldiers to non-combat injuries, illnesses, and disease. Within areas of conflict, and particularly within the dense urban environment, outbreaks of disease, epidemics, and pandemics are both more likely and particularly problematic. Given that a person's health and well-being are heavily influenced by their social and material position in society, it seems probable that a solid understanding of social power dynamics will also aid us in our understanding of the outbreak and spread of disease, epidemics, and pandemics. 17 By developing a framework that allows warfighters to identify and analyze the power dimensions of social systems, this project will address a critical gap in the U.S. Army's ability to understand complex sociocultural dynamics that directly impact its ability to maneuver, sustain the initiative, protect the force and noncombatants (from both injury and disease), and engage with the civilian population during combat operations.
What are the barriers to solving this problem?
Despite past efforts, the Army remains unable to adequately define and understand social systems. Although the Army has more than 15 years of lessons learned from combat operations in Iraq and Afghanistan, its doctrine writers still struggle with how best to address problems related to social systems. The Army's previous efforts have been constrained by its long tradition of developing inventory-based tools. This approach does little more than list concerns. It does not help Soldiers to make sense of the information they have so carefully compiled.
Further complicating our understanding of social systems is the Army's historical predilection for relying primarily on Western-oriented, First World cognitive psychologists, political scientists, and economists to explain complex sociocultural dynamics within the Third World. Often, in their attempts to understand social systems and convey it convincingly to the Army, scholars in these fields have relied upon measures that can be quantified and ingested into computational models. Unfortunately, these models fall short of being able to characterize the underpinnings of human behavior in a global context. Social scientists from other humanities disciplines, employing qualitative methods and theoretical paradigms associated with their particular field of inquiry, are what the Army needs to better explain social systems.
Moreover, political-military intelligence analysis focus on relations between nation-states and the functioning of their institutions and key leaders in their political systems. Military interventions have repercussions in the international political arena. However, military operations occur at the local level and have impacts on local politics. Currently, the Army lacks the methods and tools to understand local politics, which take into account the nature of the relationship between government and the governed as well as the structural foundations for the differential exercise of social power.
Additionally, the integration of social science into geospatial land cover analysis has not been a focus within the Department of Defense (DoD). Social power plays an integral role in production of humans as disease vectors. Powerless people with limited resources are frequently relegated to parcels of land of low value to social elites and that are also prime locations for the emergence of disease. Furthermore, the majority of previous research in vector-borne diseases has focused on the transmission of illness via non-human carriers (e.g., mosquitos, ticks, sand fleas). While this research has been able to pinpoint the loci of disease occurrences based upon the limited travel distance of non-human carriers it does not take into consideration humans play in transmitting a vector-borne disease. Humans are extremely mobile and allow for a much more rapid and much wider dispersion of disease.
How will you overcome those barriers?
The VAST effort will overcome the barrier of the Army's use of an inadequate approach to understanding social systems by developing knowledge, methods, and tools that demonstrate a problem-oriented, system-of-systems approach that addresses a significant capabilities gap identified in the development process for Army's requirements. Our focus on social power analysis addresses an Army problem in understanding social systems that is fundamental for mission success but has not yet been solved for the benefit of Army operators. Our proposed approach goes beyond the topical inventories found in doctrine and used in practice; it will contribute to an understanding of the workings of complex social systems that change over time.
Our effort will leverage strengths that reside within the Geospatial Research and Engineering (GRE) business area as well as the greater Engineer Research and Development Center (ERDC Our framework and its operationalization with conceptual modeling and spatially integrated social science will enable the understanding of the human domain from the bottom up, i.e., at the level that military units encounter and impact local society. Many of the societies that the Army will encounter in the course of Gray Zone conflicts have decentralized governments, which is to say that the national government has devolved the everyday business of government to lower levels. In addition, weak states may be unable to extend much control to the local level. The foundations of local-level sociopolitics may well differ dramatically from national-level drivers.
Our effort will contribute to a growing interest in the integration of social science and geospatial analysis. 18 We anticipate needing to meet the following challenges as we work toward this integration:
• Identifying scalable geospatial data-Geosocial models will be developed on the basis of robust datasets from countries other than the United States. The learning from this research will then be related to areas with lower fidelity datasets, which will allow for models to be reverse-validated. We will engage with stakeholders at United States Army Special Operations Command (USASOC), Civil Affairs, and regionally aligned forces (RAF) to tap into their knowledge of opensource datasets and to evaluate our models.
• Highly dynamic and spatially disaggregated nature of armed conflict and responses to it in an urban operational environment-We will draw upon our knowledge gained from a decade of evaluating the use of open-source data for geospatial analysis of the sociocultural aspects of the operational environment. We will recommend improvements in data collection that can be made if assets are invested in acquiring data on-site and in near-real time at a local scale.
• Identifying authoritative, continuous data streams for the responses of social actors, communities, and cities to armed conflict-We will use open-source proxy data in order to make inferences about and representations of population behavior that apply at the local scale. We will employ a mixed-media approach with qualitative and quantitative data (which we pioneered in our research for the GRE 6.2 effort Phase Zero Assessment of Urban Security Threats), and we will include explanatory narratives to accompany our visual representations to enable decision-makers to reason from the evidence presented. Information about conditions on the ground can be obtained from investigative reporting, ethnographies, and reports by organizations such as the International Crisis Group, Human Rights Watch, and Médecins Sans Frontières (Doctors Without Borders). We will develop quantitative data that can be used for our spatially-referenced and temporally-sensitive vulnerability analysis from multiple remotely available sources, including geographic data layers for baseline comparisons, and imagery and photos for change detection.
• Identifying extensive disease incident data-To avoid the computational cost and complexity of person-level epidemiological models (taking several hours to several days to run), we will focus on the spatiotemporal behavior of the local population. Using regional population and demographic data, we will build Monte Carlo simulations, which will model the spread of a vector-borne disease across a region. This modeling effort will allow us to estimate what regional factors or infection scenarios the region is most vulnerable to, such as an influx of persons into the region or changes in local susceptibility due to disasters or military operations. Future Army engagements will likely be in the gray zone, wherein lowlevel conflict may threaten or persist, without an official declaration of war between nations. In this gray zone, the Army will encounter complex political situations that involve a range of state and non-state actors with agendas that are less than transparent, whose networks are partially hidden or invisible, and whose alliances may shift as conflict threatens or continues. The capability that VAST is developing is designed to enable Army decision makers to deconstruct, analyze, and anticipate the dimensions of the exercise of social power and its contestation in the operational environment.
An investigation of social power involves identifying the conduits through which actors exercise power and determining how social and cultural systems are reproduced and/or transformed through this exercise of power. Theoretical debates about the nature of power abound. 19 We will use as a benchmark the applied approach to power analysis pioneered by the developers of the Powercube, 20 which focuses on understanding the spaces, places, and dynamics of power that undermine and exclude people from political participation. This approach expands a conventional focus on domination (power over) to consider the capacity of actors to wield power by taking social action (power to).
Army operators engaging in complex political situations need a new, comprehensive method to efficiently gain situational understanding that takes into account power relations among the myriad actors, who can be conceptualized as adversaries, neutrals, and supporters. Our method will aid in the characterization of the heterogeneous field of state and non-state actors, who interact at multiple geographic scales, starting with the local perspective and extending to the global perspective, if relevant. It will enable the user to take into account shifts in alliances as low-level conflict persists, and to monitor and interpret changing power relations.
Once Army operators achieve understanding of the workings of power relations in the operational environment, they will be able to assess the impacts of power relations on the creation and/or exacerbation of vulnerabilities in the population. For example, the exercise of social power plays a role in making humans into vectors for the transmission and spread of disease. The recent outbreak of the Ebola virus in West Africa is a case in point; the spread of this virus was facilitated by (1) limited access to both education about the disease and health services for treating the disease, and (2) by the inability of the government to control population movement and cultural practices regarding disease treatment and dealing with the dead. VAST's incorporation of the impacts of power relations into ERDC's land cover modeling capability for forecasting disease transmission will produce powerful tools for Army analysis that can strategically inform considerations of force protection, sustainment, building partnerships, and maneuver.
In the complex and rapidly changing operational environments characteristic of gray zone engagements, commanders expect to conduct operations in a decentralized manner. Operators cannot be dependent on information and analyses flowing from the top down. The ability to efficiently understand the changing situation in the operational environment contributes to the ability to cope with adversity, learn, and adapt to change.
Research on sensemaking suggests that experts formulate mental models that aid in the assessment of complex situations. In the process of assessment, they question the adequacy of what they think they know and reflect on new ways to look at the problem or to fill information gaps. 21 Our method will enable commanders and soldiers to form mental models of power relations that they can deploy in making sense of the operational environment.
Quantitative metrics
This effort will affect the metrics shown in Table 1 , although other metrics not listed will certainly be addressed over the life of the project. 
Transition milestones
We anticipate that our developed workflow will be transitioned to the parties listed in the endorsement section of this proposal. Lastly, as the world's urban population grows, so too do the risks of exposure to infectious disease. 22 Focusing on vector-borne diseases (diseases spread by mosquitos, ticks, etc.) VAST proposes to develop a new methodology to map and predict the spread of infectious disease within urban environments that includes all essential elements associated with the growth and spread of disease, such as: land cover, climate, cultural and demographic variables, and the temporal movement and flow of a region's population. Utilizing key aspects of network epidemiology and disease hazard mapping, models will be developed that accurately and efficiently map and predict the spread of disease. This combination of spatial and aspatial theories and algorithms will provide the Army with (a) knowledge of where and how a disease will likely spread, (b) number of people it will impact and potentially infect, and (c) insight into how to lessen the burden of a disease, thus improving the Army's ability to adapt and alter its course of action in the face of a disease outbreak.
Scope of work
Our research goal is to instantiate a social power analysis framework and operational methodology in a prototype decision-support tool for application during the military mission analysis process. Our development effort consists of four major tasks.
For the geosocial and disease vector data outputs, this effort will design and test plug-ins for a desktop software package focused on vulnerability assessment. Using the ArcGIS Engine as the main back-end for analysis software, we are leveraging the full capacity of the ArcGIS program, for which the U.S. Army has over 13,000 licenses. All of the models and tools developed as plug-ins follow our Qualitative Assessment Framework (QAF). The QAF aligns with the Army Geospatial Enterprise (AGE) to advance data interoperability between Army programs. The AGE is an integrated system of technologies, standards, data, organizations and processes that delivers a Standard and Shareable Geospatial Foundation (SSGF) at all echelons. The SSGF ensures that all Army programs can consume the maps, imagery, and additional data produced by other Army programs. Coordination with the staff of the AGE Node will enhance VAST's technical certainty, develop software able to consume data that meets the standards outlined in the SSGF road map; it has the further effect of ensuring that our end users at the tactical to strategic levels are able to leverage data appropriately. Utilizing a plug-in approach, different analyses are packaged as mini-programs and are inserted into the broader code base. Our model of software development extends the capacity of the commercial off-the-shelf (COTS) software to consume products developed for other research programs. Using a modular approach extends the impact of the software and reduces costs. For example, a plug-in may require a specific software that may not be present on all computers; by using a compartmentalized programming process, only that tool would not work, and a user would be able to access the rest of the functionality of the software.
Work breakdown plan
Task 1: Conceptual framework for social power analysis
We will develop a conceptual framework that provides a scientifically sound basis for a spatially integrated analysis of social power that can be applied to any OE. Our framework will take into account the following: the practice of governance at the local level; the relationship between government and civil society; social actors that support, contest, or replace statesanctioned governance; and sources of tension in everyday sociopolitical relations that are associated with power and privilege, unequal access to resources, and identity differences in race, class, religion, sect, ethnicity, gender, tribe, caste, etc. We will determine how Army actions influence local power relations, what is likely to deteriorate, and what can be bolstered. When the U.S. Army intervenes, it steps into a complex system of social power relations. Our research will result in a conceptual framework for understanding the landscape of social power prior to our intervention, and it will help the Army to understand and anticipate how our presence will impact and alter power relations. The goal of our research and the framework and tools we will develop is to help the Army avoid discernable pitfalls related to systems of social power within social systems.
We will ground our framework in the results of social science research and case-based reasoning; it will represent those social power relations that are relevant to Army mission analysis.
Task 2: Social systems impact assessment
We will demonstrate how to operationalize the conceptual framework by (a) applying it in a particular case study, and (b) integrating spatiality into social science, which will allow for the production of software plug-ins that support the application of the framework.
Applying the framework
Apply the framework in a particular case study, which enables the determination and anticipation of the impacts of the deployed force on the local exercise of social power during military operations. Population responses to armed conflict that are relevant to Army operations include population displacement from areas that become inhospitable, resettlement of population away from the conflict zone, mobilization of sectors of the population to resist or support U.S. forces, repurposing of spaces (e.g., a playground becomes a cemetery or a school becomes a clinic), and changes in everyday patterns of power relations.
Using plug-ins to support the framework
The research team will establish a methodology for creating geospatially and temporally sensitive plug-ins, a methodology which currently does not exist. Use of the plug-ins will bolster the Army's understanding of population responses to conflict in a way that is relevant to the military decision making process. Our goal is to contribute to geospatial visualizations that support social power analysis. We want to be able to determine which sectors of the population that are engaged in local power relations will remain in, shift locations within, or vacate their homes area during conflict. By using census data, surveys, social media data, geographic landscape characteristics, and remote sensing, we will develop tapestries 23 of the operational environment. These tapestries will provide greater nuances than traditional methods in characterizing neighborhoods, the population's use of space, and the population's mobility during conflict. For example, a tapestry of migrant workers could demonstrate that a location has cyclical expansion and contraction. We also plan to investigate the utility of remotely sensed imagery of night lighting for detecting population mobility in dense urban areas. In addition, an important part of our research will be to determine the nature (i.e., accuracy, reliability, scale) and availability of open-source data appropriate for geospatial and temporal analysis.
23 ESRI, "Tapestry Segmentation: Methodology," White paper (Redlands, CA: August 2014).
https://www.esri.com/library/whitepapers/pdfs/esri-data-tapestry-segmentation.pdf.
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Task 3: Geosocial temporal disease modeling
Disease hazard mapping
The tactical scale workflows will use high-resolution commercial multispectral satellite imagery (e.g., WorldView-3), ancillary geospatial data layers (e.g., digital elevation models), and various urban landscape features (e.g., roads) to create detailed land cover products with a minimum mapping unit of less than 100 m 2 for U.S. Army training sites and Korean cities near the demilitarized zone (DMZ), an area plagued by the vectorborne disease, hantavirus. Advanced spatial object characterization metrics (e.g., texture, shape, spatial autocorrelation) will be investigated to enhance the accuracy and precision of the vegetation cover map layers. Species distribution modeling principles will also be utilized in this investigation to delineate mosquito, tick, and other vector and disease reservoir habitats. Ongoing disease risk assessments and vector surveillance activities will provide on-site expertise and ground reference information.
Development of disease propagation network model
The population in a region will be viewed as a discrete population density, modeled from the study site's demographics and cultural characteristics. Each local region will have a population density representing infected and non-infected individuals, and a local population's susceptibility to an increase in infected. This approach will allow us to run Monte Carlo simulations of potential outbreaks and create a "common flow" network, which will be a weighted, complex network representing the most common paths seen during an epidemic's progression. This network can be characterized by complex network measures to test its resilience and stability, as well as its full spatiotemporal spread, meaning that the effect of adverse events or intentional intervention can be measured and tested for statistical significance. Further, this approach allows us to better model the spread of vector-borne diseases, which we can treat as a stochastic process acting on the local population density. 24
Using our density-focused framework, a disease's progression will be influenced by any combination of three factors: (1) changes in the population distribution, (2) changes in the demographic and geographical makeup of a region, and (3) the increase or decrease in the local population of disease vectors such as sandflies or mosquitoes and their hosts. Our particular framework will allow us to examine the effect of changes in land cover, either due to natural effects or man-made ones such as deforestation or resource depletion. This type of analysis can be done for a variety of disease models, 25 so as to fully investigate a region's capacity for infectious disease.
Geosocial-temporal workflow development
The workflows developed in the two previous tasks will be integrated into one common workflow prototype. This workflow will be designed around various kinds of input data (raster data, hospital records, cultural information, etc.). The size of the final product's grid cells will be based on the optimal resolution determined in the disease hazard map workflow section. The environmental and climatic data within these grid cells will then be used as weights to help determine to which regions of the study area the disease is most likely to spread.
Task 4. Demonstrations

Technical demonstration
Technical demonstrations, including conferences and journal publications, will be held throughout the life-cycle of the VAST project in order to showcase progress and capability from all work units. Particular emphasis will be placed on the integration of the capabilities developed within the individual work units.
Geospatial enterprise demonstration
The products of this work package will be consistent with the policies and protocols of the Army Common Operating Environment and the Army Geospatial Enterprise. Evaluation and demonstration test beds at AGC/GRL, such as the AGE Node, will allow the tools created in this work package to be evaluated on Army systems. These AGE demonstrations will be critical to the ongoing development and deployment strategy of the work package.
Stakeholder demonstration
In order to achieve successful transition of VAST's products and capabilities, we will engage regularly with key stakeholders and Army acquisition partners. As the AGE demonstrations progress, we will also demonstrate our technologies and capabilities to all interested parties. Feedback from these demonstrations will be critical to both the strategic direction and model development of the project. Table 2 shows the estimate of cost by work unit. Proposal self-evaluation
Cost estimate
The proposed research project was self-evaluated against a set of ERDC's established portfolio criteria. Table 3 lists these criteria and provides the self-assessed score for each. Scores are provided on a scale of 1-10, where 1 represents low value or uncertain outcomes and 10 represents certain and highly valuable outcomes. Values of 1-4 are generally considered low; values of 5-8 are average; and values of 9 or 10 are exceptional. 
